Objective: To characterize temporal trends in subarachnoid hemorrhage (SAH) incidence and outcomes over 5 time periods in a large population-based stroke study in the United States.
There have been several advances in recent years in the diagnosis and care of subarachnoid hemorrhage (SAH) patients, including medical advances, new systems of standardized care in neurocritical care units, and new surgical and endovascular techniques for aneurysmal SAH. 1, 2 Recent studies have reported SAH outcomes over time within the same population, 3, 4 but to our knowledge there have been no such recent studies in the United States. We therefore sought to examine temporal trends in nontraumatic SAH incidence, care patterns, and outcomes in a large US region using population-based data.
METHODS Standard protocol approvals, registrations, and patient consents. This study was approved by the institutional review boards of all participating hospitals in all 5 time periods.
We identified incident nontraumatic SAHs among residents of the Greater Cincinnati/Northern Kentucky (GCNK) region who were 20 years old or older in 5 distinct 1-year study periods: calendar year 1988, July 1993 to June 1994, and calendar years 1999, 2005, and 2010. The GCNK region is composed of 2 southwestern Ohio counties and 3 northern Kentucky counties, all bordering the Ohio River. The biracial population is approximately 1.3 million and is largely representative of the United States in terms of age, proportion of African Americans, and socioeconomic status. 5 Only residents of the 5 GCNK counties were included in our study. Previous work has demonstrated that patients who live in this 5-county region seek stroke care at the hospitals in the region. 5 The 1988 cohort. The detailed methodology of the 1988 study has been reported previously. 6 Briefly, the records of all patients who possibly had SAH or intracerebral hemorrhage (ICH) were reviewed from local hospitals and the county coroner offices. ICD-9 codes for SAH (430), ICH (431 and 432.9), cerebral aneurysm (437.3), arteriovenous malformation (747.81), and cerebrovascular accident (436) were used to retrieve records. A trained nurse under the close supervision of a vascular neurologist reviewed the records. The neurologist reviewed the clinical data and all available CT and MRI. Patients with both SAH and ICH were not included if a parenchymal source of bleeding was more likely. The 1993 The -1994 The , 1999 The , 2005 , and 2010 cohorts. The methods of the GCNK studies for [1993] [1994] 1999 , and 2005 have also been described previously. 5, 7, 8 Ascertainment methods remained consistent over time and those for 2010 were as described for the other years. Briefly, study nurses screened the hospital charts of all patients with primary or secondary strokerelated ICD-9 codes of 430-436. Additional screening included monitoring of emergency departments, public health clinics, outpatient clinics, and family practice centers. The records of the 5 county coroner's offices were also monitored for stroke deaths. A study physician then reviewed every potential case to determine case status.
Aneurysmal SAH (aSAH) cohort. Because ruptured aneurysms are the leading cause of nontraumatic SAH, we also performed a subanalysis in which we identified proven or highly likely aSAH. We reviewed all cases with unknown etiology and categorized them as likely aneurysmal if the SAH was reported as "massive" or if the patient suddenly died shortly after SAH.
Incidence rates. We calculated incidence rates for each time period and age-, race-, and sex-adjusted to the 2000 US population. The denominators for incidence rate calculations were based on population estimates from the US Census Bureau (census.gov) for the 5 study counties, with interpolation between census years accounting for migration, death, and birth. We estimated confidence intervals (CIs) assuming a Poisson distribution.
Demographics, care patterns, and outcomes. We evaluated basic patient demographics, vascular risk factors, care characteristics, and functional status at baseline. Because SAH severity scales were not uniformly abstracted in the form of Hunt and Hess or World Federation of Neurological Surgeons scales, the admission Glasgow Coma Scale (GCS) served as a proxy for baseline SAH severity. Major clinical outcomes included modified Rankin Scale (mRS) scores at hospital discharge and all-cause case-fatality at 5, 30, and 90 days after initial SAH. Because treatment location was not uniformly abstracted at the patient level, we report the proportion of patients treated at hospitals with neurologic intensive care unit (ICU) availability in each time period.
Statistical analysis. Data were managed and analyzed using SAS version 9.3 (SAS Institute, Cary, NC). Univariate comparisons were performed using analysis of variance, Kruskal-Wallis, or x 2 tests as appropriate. Regression modeling was utilized for examining trends over time, linear or logistic dependent upon the outcome of interest. SAS PROC GENMOD with the appropriate distribution and link function was used. The offset option was invoked for testing the trend in incidence rates over time. A Tukey-Kramer correction was used as appropriate to adjust for multiple comparisons. Some analyses were performed excluding 1998 due to unavailable data. Incidence rates. The incidence of SAH in the 5 study periods (age-, race-, and sex-adjusted to the 2000 US population) was 8.8 (95% CI 6.8-10.7), 9.2 (7.2-11.2), 10.0 (8.0-12.0), 9.0 (7.1-10.9), and 7.7 (6.0-9.4) per 100,000, respectively; the trend in incidence rates from 1988 to 2010 was not statistically significant (p 5 0.22).
RESULTS
Demographics and care patterns. Demographics and risk factors across time periods are shown in table 1. Age, sex, race, and presenting GCS were not different among the time periods. There were no significant trends in baseline characteristics except for an increase in current smoking and a decrease in the proportion of baseline mRS scores of 0-1. Diagnostic imaging and treatment trends over time are shown in table 2. The use of both CT and MRI increased significantly from 1993-1994 to 2010, as did CT angiography and magnetic resonance angiography. The proportion of patients who underwent coiling increased to 13% in 2010 from 0% in 1993-1994. There was a trend toward reduction of time to intervention as well. Care at a hospital with a neurologic ICU available also increased substantially over the study periods.
Outcomes. Short-term SAH outcomes over time are shown in table 3 and in the figure. Median discharge mRS scores at hospital discharge declined significantly from 5 to 3. All-cause 5-day, 30-day, and 90-day case-fatality rates declined significantly from 1988 to 2010, even when all autopsy-alone cases were excluded. The largest decreases in case-fatality rates occurred between 1988 and 1999. The majority of deaths occurred within 5 days post onset in all time periods. We performed an additional analysis with those patients with proven or highly likely aSAH with the results shown in table 4. Though the trends were generally similar to those in table 3, the results were no longer statistically significant. Because so many SAHs from 1988 had an unknown etiology, we performed an additional analysis excluding 1988 and again found that improved case-fatality rates did not reach statistical significance. DISCUSSION In this large population-based study spanning multiple study periods, we found that although SAH incidence rates remained unchanged, all-cause case-fatality rates declined significantly. We also found a significant shift in SAH care across these time periods, which included changes in autopsy rates, imaging, interventions, and systemic changes such as neurologic ICU utilization.
Recent systematic reviews have evaluated the incidence of SAH in several countries. 9, 10 In general, these studies have found that the incidence of SAH has remained relatively stable over the last several decades. The incidence is generally higher in Japan and Scandinavia (;20 per 100,000) and lower in South and Central America (;5 per 100,000). The only study that has evaluated temporal trends in incidence in the United States of which we are aware is the Rochester, Minnesota, study, in which investigators identified 185 SAHs in Olmsted County from 1955 to 1989. The incidence rate ranged from 7.5 to 12.9 per 100,000, and the changes across 5-year time periods were not statistically significant. 11 The current study includes more than twice the number of SAHs, as well as a more recent cohort with a minority population as well.
Systematic reviews have also found reductions in SAH case-fatality in multiple population-based studies in several countries, 4 ,12 though few studies have reported case-fatality rates across multiple time periods, and none in the United States. 4 (The Rochester study reported 30-day and 1-year survival stratified by sex and 5-year period, but the overall case-fatality per time period was not reported.) Most of these studies also began surveillance in the 1980s and generally found declines in early case-fatality rates that mirror the declines we report, though most did not find these declines to be statistically significant. Several changes in SAH care over the last 25 years are mirrored in our data. The numbers of SAHs diagnosed by autopsy declined as autopsy rates have declined nationwide. 13 Noninvasive angiography is replacing conventional angiography for SAH diagnosis.
14 Surgical intervention was commonly delayed 10-12 days after SAH until the 1980s, but is now often performed as early as feasible to reduce rebleeding risk.
2 Less-invasive endovascular coiling is more common. 15, 16 Specialized stroke units and neurologic ICUs, with an emphasis on multidisciplinary collaboration, protocolization, and continuous quality improvement, are more prevalent 17 and associated with improved patient outcomes. 18 At the systems of care level, the development of primary stroke centers 19 and comprehensive stroke centers 20 has also driven quality improvement in stroke care.
Though aneurysmal rupture is the most frequent, other etiologies of nontraumatic SAH include perimesencephalic nonaneurysmal SAH, arteriovenous malformations, dissection, amyloid angiopathy, and reversible cerebral vasoconstriction syndrome. Using a conservative threshold for aSAH, we found that at least 75% of SAHs were highly likely aneurysmal in etiology in our population, which is in line with previous reports. 21 The trends in case-fatality decline in the aSAH subanalysis appeared generally similar to that of the overall cohort, though the statistical significance disappeared likely due to the smaller sample size. Another potential explanation is that improved imaging identified smaller nonaneurysmal SAHs, which typically are not life-threatening. As noted above, though, we did not identify a trend toward more nonaneurysmal SAHs in the later time periods.
The GCNK Stroke Study is the largest population-based stroke study in the United States, with the same population evaluated over multiple time periods and with many of the same study personnel, using a stable methodology. However, there are several limitations to this study. First, in this observational study the data are retrospective and descriptive in nature; this study cannot answer why case-fatality rates are declining. There are several data points missing from 1988, including severity scores and baseline functional status. There was no consistent formal grading of SAH severity documented in the medical records across time periods, though Table 3 Functional outcomes and case-fatality by time period presenting GCS was used as a surrogate. Emerging evidence suggests that psychological and cognitive burden of disease in SAH is significant, 22 but we cannot comment on those outcome domains in the current study. We also did not collect data on either aggressiveness of care or withdrawal of care across all time periods, so we cannot comment on whether case-fatality rates may be declining because fewer families or physicians are withdrawing care. Casefatality rates may appear lower because cases formerly identified on autopsy are not now identified. We also cannot comment on overall autopsy rates over time in our population. The increasing use of sophisticated diagnostic imaging raises the possibility of detection bias for smaller SAH. Finally, we were unable to determine SAH etiology with certainty in a substantial portion across time periods, especially in 1988.
In our population, SAH incidence remained unchanged across several time points but casefatality declined. Future studies should explore potential differential effects of sex and race on SAH incidence and outcomes. Future studies should also explore how specific factors and processes of care lead to improved outcomes and the effect of these interventions on patient-centered outcomes such as quality of life and neuropsychological outcomes.
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